The urban centre and its suburban environment are largely influenced by changes driven by people as a result of urbanization and other anthropogenic activities. Urbanization impacts on air and water quality, local climate and biodiversity. This study assesses the Urban Heat Island (UHI) of Lokoja town and surroundings from LandSat ETM satellite imagery of 2001 using remote sensing techniques. Band 3, 4 and 6 of the imagery were use in the estimation of NDVI, land surface emissivity and surface temperature. The results show that urban heat island in Lokoja town is significant, with average Land surface temperature values range from 301.13K to 336.14K., and maximum urban/suburban temperature difference reaching 10.9 o C. This suggests that vegetation is the principal determinant controlling the spatial distribution of land surface heat flux. This approach was found to be more effective in assessing urban heat island than using the conventional "in situ" temperature estimation.
INTRODUCTION
The rapid growth in human population and economic output per capita have been an unprecedented features of this industrial era (Cohen, 1995 and Sieferie, 2001 ), impacting great consequences on the global environment over the past century (Rosa et al, 2004) . Urbanisation had led to significant effects and alteration of local climate, and in particular creates a significant heat island effect (Landsberg, 1981 , Kalnay and Cai, 2003 and Zhou et al, 2004 . The urban heat island effect has been the subject of numerous studies in recent decade, because it is associated with the temperatures of central urban location rising with several degrees higher than those of nearby rural areas of similar elevation (Chou, 1995) .
The urbanization and human activities have been the main determinants inducing changes in the physical characteristics of the surface. The most significant are the differences in the thermal properties of the radiating surfaces and a decreased rate of evapotranspiration in the urban environment. The thermal properties of built-up land surfaces, soil and impervious surface result in more solar energy being stored and converted to sensible heat, and the removal of shrubs and trees reduces the natural cooling effects of shading and evapotranspiration (Pickett et al, 2001 ). Urban topography, surface roughness, morphology of buildings and anthropogenic activities contribute by reducing outgoing longwave radiation, hinder sensible heat loss, hinder distribution of heat and generate heat respectively (Oke, 1982 , Bonan, 2002 .
All these alter the surface energy balance with a consequent increase in land surface temperature [average ambient temperature in urban systems is generally 2-3 degrees higher than the surrounding nonurban environment (Pickett, 1997) ] in the urban environment. This then leads to the increase in sensible heat flux at the expense of latent heat flux, thereby forcing the development of meteorological events such as increased precipitation, which poses threat to the environment and the human population (Zhao and Wang, 2002) . It exacerbate urban air pollution alter rainfall pattern in and around urban centres, and change the composition of biodiversity (Nowak et al, 2002) However, it also contributes to global warming (Changnon, 1992) .
Until recently, the isolated locations and with in situ measurements of air temperatures were conducted in the various studies of Urban Heat Island effects (Oguntoyinbo, 1978 , Weng, 2001 , Streuker, 2002 and Adebayo and Zemba, 2003 ). This approach have major limiting factors in the quantitative description of the areal extent and in ascertaining the exact distribution of the variation in micro climates in Nigeria (Adebayo and Zemba, 2003) . However, remote sensing technology with its earth monitoring sensors has become possible to study the effects of urban heat island remotely on both local and global scales (Gallo et al, 1993; Lo et al, 1997; Yang et al, 1997; Owen et al, 1998; Zhao and Wang, 2002; Streutker, 2002; and Liu and Zhang, 2003) .
The objectives of this study is to use this novel approach provided by remote sensing to: 
MATERIALS AND METHODS OF THE STUDY

Data Used
The digital data used in this study were collected by LandSat ETM on 17 th November 2001 with 30m spatial resolution. The spectral characteristics are shown in Table 1 . 
Method of land use/cover Classification
With the aid of IDRISI32 software in a computer hardware with the following specifications: Mercury Pro workstation with a Pentium IV 3.2 GHZ processor, RAM 512 MB, 80 gigabytes hard disk capacity and a 21 inch monitor. The band 2,3 and 4 of the acquired Landsat ETM image were enhanced using histogram equalization, rectified to a common UTM coordinate system (WGS84), and then radiometrically corrected. A supervised classification with a maximum likelihood algorithm was conducted to classify the image using three bands of green (2), red (3) and near-infrared (4) (as indicated in Table 1 ). Training sample sets were collected based ground truth data gathered during field checks. On completion it was run on mosaic. Ifatimehin (2007) used this same method in his previous work on temperature estimation as shown in Figure 2 and 3.
Method of deriving surface temperature.
The radiometrically corrected LandSat ETM band 3, 4 and the thermal infrared data (band 6) were use to for this purpose. The following methods were adopted:
i. Digital Number (DN) conversion to radiance:
ii. Conversion from radiance to reflectance (Surface albedo):
Where t is transmisivity = 0. vii. Therefore, the surface temperature (T) can be estimated using this formula
Where λ = wavelength of emitted radiance = 11.5µm (Markam and Barker, 1985) , α=hc/k (1.438 x 10 
RESULTS AND DISCUSSION
The classified LandSat ETM imagery as shown in Figure 4 and Table 2 indicated that cropland area (58.37%) dominated the entire townscape of Lokoja, while the municipal area is about 14%, vacant land (Bare and undeveloped land) 3.81%, vegetation (15.87%) and water bodies (7.81%). The Thermal signatures of each land use/cover studied revealed the average values of surface radiant temperature for each of these land use/cover type is shown in Table 3 . There was an obvious gradual thermal change as one progressed from the municipal area (336.14K) out into the suburban area (301.23 K) as shown in figure 4.
This implies that the built-up area is majorly dominated by impervious surfaces such as metal, concrete and probably stone which are non-evaporating and non-transpiring. And also they exhibit a high potential for absorption and radiation of heat alike with blackbodies, thereby having the highest temperature.
The vacant area has the second highest temperature because of the bare soils surfaces with are barren of vegetation. The Table 2 and figure 5 reveal that thick vegetated areas have the least temperature values and thereby suggest that the higher the biomass a land cover had, the lower the land surface temperature of the particular land cover. The minimum and maximum urban/suburban temperature difference approximately reaches 6.8 o C and 9.6 o C respectively. The implication here is that with the rapid urban growth witnessed in Lokoja, vegetation and cropland areas would soon starts dwindling (Ifatimehin and Ufuah, 2007) and the heat will continue to build-up in the municipal and the surroundings and decreases as one moves away from the urban-rural fringe into the rural areas.
CONCLUSION
From this study, the urban heat island in Lokoja town was assessed using appropriate methodologies for deriving surface temperature parameters from LandSat ETM data. There was a significant urban heat island effect on the town and thereby showed the role of vegetation as a regulatory cooling feature in the ecosystem. The high difference in the maximum urban/suburban temperature is because atmospheric correction was not carried out on the image after the other two corrections (geometric and radiometric) were done. This was due to the absence of appropriate software packages (6S, MODTRAN and LOWTRAN) for the corrections.
